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5 BACKGROUND OF THE INVENTION 

1. Field of the Invention . 

This invention generally relates to the fabrication of semiconductor electronic 
O integrated circuits, and more particularly to a method for making a non-self-aligned 

J2l 0 heterqjxmction biopolar transistor (HBT). 



ry 2. Description of the Related Art . 

The bipolar transistor is a basic element in integrated circuits because of its 
Q high-speed switching capability and current carrying capacity. Consequently, many 

M 15 improvements have been made to reduce the size and complexity of these devices 

while maintaining or even increasing their performance. 

One type bipolar transist&r, known as a heterojimction bipolar transistor 
(HBT), offers advantages over conv&itional junction bipolar transistors by providing 
a bandgap difference between its baseWd emitter regions. In an NPN transistor, this 
bandgap difference restricts hole flow mom base to emitter, which, in turn, improves 
emitter-injection efficiency and curre\ gain. The improved emitter-injection 
efficiency allows the use of low resistivity^ase regions and high resistivity emitter 
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regions to create fast devices ^thout compromising other device parameters. Thus, 
HBTs can realize high curren\ gain vAnl^ simultaneously having a low base 
resistivity and low emitter base ju^ti on capacitance. ^ 

Heterojimction bipolar transistors are usually formed from group III-V 
semiconductor materials. This is because these materials exhibit high electron 
mobility, and because many advanced crystal growth techniques are available for 
their formation including molecular beam epitaxy and metal organic chemical vapor 
deposition. Generally speaking, there are two types of heterojunction bipolar 
transistors. The first type uses wide band gap materials and is formed by growing, 
for example, GaP, SiC or amorphous silicon on the base. The second type uses 
narrow band gap materials and is formed by situating a SiGe alloy base between a 
silicon collector and a silicon emitter. 

The second type of heterojxmction bipolar transistors (SiGe HBTs) may be 
classified as either self-aligned or non-self-aligned. Figures 1(a) - l(j) show a series 
of steps used to make a conventional self-aligned HBT. In Figure 1(a), an initial step 
includes forming an n^ sub-collector region 2 in a silicon substrate 1 .This is followed 
by the formation of shallow trench regions (STIs) 3, a reach-through layer 4 made 
from n^ material and an n- silicon layer 5. 

_In Figure 1(b), a series of layers are formed over the layer incorporating the 
STI and reach-through regions. These layers include a SiGe layer 6 approximately 
0.05 to 0.3 um thick, an oxide layer 7 which is 0.01 to 0.0 1 5 um thick, a nitride layer 
8 which is 0.08 to 0.03 um thick, a polysilicon layer 9 which is 0.03 to 0.06 um, a 
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second nitride layer 10 which is 0.08 to 0.15 um, and a tetraethyl orthosilicate 
(TEOS) layer 1 1 wiiich is 0.2 to 0.4 urn thick. 

In Figure 1(c), a resist layer 12 is formed on top of the TEOS layer in 
aUgnment with p-typed doped SiGe base layer 6 directly above n- region 5. The 
TEOS and second nitride layers are then patterned and etched back to polysilicon 
layer 9. This results in the formation of a stack 13 made of the portions of the TEOS 
and nitride layers underneath the resist layer 12. 



In Figure 1(d), the resismayer is removed and sidewall formations 14 and 15 
^§ made of an oxide are developetXn stack 13. These sidewall portions function as 

iBiO masking layers for a subsequent indWant step, A^ch involves implanting a p-type 

W dopant to a depth which includes th^ SiGe layer 6. These implanted ions form 

exfajnsi^p^basejmplant^^ 16 anl 17. 



Q In Figure 1(e), the sidewall formations and the TEOS layer are removed, 

1 y thereby reducing the stack to only the imderiying nitride layer. 

5 In Figure 1 (f), the polysilicon layer is converted to an oxide using a known 

high-pressure thermal oxidation techniques. By thermally oxidizmg the polysilicon 
layer, all of that layer except the portion 9 masked by the nitride is converted to 
silicon dioxide layer 18. 

J[n Figure 1 (g), the nitride layer forming the stack is removed, and an opening 
20 19 through the imconverted polysilicon is formed using an oxide layer 1 8 as the etch 

mask. Subsequently, the underlying nitride layer at the opening is etched to expose 
the oxide layer 7. 
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Di Figure 1 (h), a collector pedestal implant 20 for a high/j- device is formed 
beneath the p^t^oe SiGe base in n" region 5. Implant 20 is self-aligned to the emitter 
opening and extrin^bs^ase implant regions and is an n-type implant. (The variable 
is the cutofffrequency oMe transistor and is an important figure of merit for high- 
frequency and microwave trami^ors. It is defined as the frequency at vMch the 
common emitter short-circuit curren^gain is unity. The cutoff frequency is inversely 
proportional to the total emitter-to-coUecW delay time t^c- As a figure of merit, it is 
indicative of the raw speed which device is c^^le of operating. To obtain a higher 
f^y the transistor should have a very narrow base, aS^ery narrow collector, and low 
capacitances.) 

In Figure l(i), rapid thermal oxidation is performed, followed by deposition 
of polysilicon layer 21 which is subsequently doped with an n-type dopant during an 
ion implantation process. This layer is then covered with a nitride layer 22 for a short 
emitter rapid thermal anneal (RTA) process. 

Finally, in Figure IQ), a series of photoresist and etch steps result in the 
formation of a self-aligned, heterojunction bipolar transistor with a collector 20, 
extrinsic base regions 16 and 17, an intrinsic base region 23, and an emitter region 
24 with a nitride cap 25. Finally, emitter, base, and collector contacts and 
metallization will be formed. 

From the above, it is evident that the conventional self-aligned process for 
forming heterojimction bipolar transistors is complicated and time consuming. This 
is largely attributable to the formation of an emitter pedestal in the self-aligned 
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process. More specifically, the formation of a dielectric emitter pedestal and a self- 
aligned extrinsic base structure shown in Figure l(j) requires additional pedestal 
reactive ion etching (RIE), spacer deposition and etch, oxide strip, high-pressure 
oxidation, and emitter opening RIE steps before the emitter poly deposition step may 
5 be performed. These steps increase the time of manufacture of the HBT and thus 

have proven to be very inefiBcient. 

A need therefore exists for a method of making an HBT device which is faster 
and more cost-efficient than conventional methods, and more specifically one which 
is not self-aligned in the traditional sense and does not require the formation of an 
mo emitter pedestal. 

in Methods for forming non-self^aligned heterqjunction bipolar transistors have 

S been proposed. U.S. Patent No. 5,656,5 14 discloses one such HBT which is formed 

o fi-om epitaxially grown silicon emitter and base layers which are uniformly doped. 

Vu In this device, the emitter dopant concentration is lower than the concentration of the 

!3 5 base, contrary to more traditional (homojunction) bipolar junction transistors. This 

permits the use of a thinner base for a given base resistance and lowers the base- 
emitter junction capacitance and electric field. 

HBTs of the type disclosed in the '514 patent also have drawbacks. 
Specifically, these HBTs typically use non-self-aligned base contact and mesa 
2 0 isolations. Consequently, their performance is limited. There is, therefore, also a need 

for a heterojunction bipolar transistor which is formed without contact and mesa 
isolation in order to realize increased performance. 
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SUMMARY OF THE INVENTION 



It is one object of the present invention to provide a method for making an 
heterojunction bipolar transistor which is faster, simpler, and more cost efficient than 

5 conventional methods. 

It is another object of the present invention to achieve the aforementioned 
object by forming a non-self-aligned emitter without using traditional emitter 
pedestal and self-aligned extrinsic base structures which complicate conventional 
53 self-aligned HBT formation methods, and which avoids the formation of contact and 

m. 0 mesa isolation structures which impair the performance of conventional non-self^ 

IJl aligned HBT devices. 

if: It is another object of the present invention to provide a method for making 

!□ an HBT transistor having extrinsic base regions which are aligned with an emitter 

m polysilicon region but which is not directly aligned with an emitter opening of the 

!=^5 transistor. 

It is another object of the present invention to provide a method for making 
a heterojunction bipolar transistor which has reduced transient enhanced diffusion 
of the dopants used to form the emitter and base regions, which translates into much 
sharper and narrower dopmg profiles compared with conventional HBT foqnation 
methods. As a result, the transistor structure of the present invention may 
advantageously be tailored for high-speed performance. 



20 
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is another object of the present invention to a method for making a 
heterojunctionHjmolar transistor which performs low thermal-cycle processing, 
vMch, in turn, allow^^^present method to use thin low-temperature epitaxy (LTE) 
layers in the formation of ba^and collector regions. Use of thin LTE layers for these 
regions increases speed of the tWistor and, further, leads to a lowering of the 
overall topography of the device, mismg mid-end-of-line (MEOL) processes such 
as emitter, base, and collector contact op^nng much easier. 

The foregoing and other objects of the invention are achieved by providing 
a method for making a non-self-aligned, heterojunction bipolar transistor in 
accordance with steps that include depositing a &st SiGe polysilicon layer over 
shallow trench regions and a single crystalline SiGe intrinsic base region over 
collector region, forming an oxide layer over the first SiGe polysilicon layer, forming 
a first nitride layer over the oxide layer, etching an emitter opemng through the first 
nitride layer, filling the emitter opening with a second polysilicon layer, forming an 
emitter pedestal from the second polysilicon layer and the first nitride layer, and 
implanting source/drain regions into at least the first SiGe polysilicon layer with a 
PFET source/drain implant which is compatible to a BiCMOS process. These 
implanted SiGe polysilicon regions will be the extrinsic base regions. In accordance 
with the invention, the emitter pedestal is made to have a width which is wider than 
the emitter opening. As a result, the extrinsic base regions are self-aligned with the 
second polysilicon layer in the emitter pedestal, but are not directiy aligned with the 
emitter opening. 
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Removing the dependency of alignment between the base regions and the 
emitter opening produces several advantageous effects, not the least of which is a 
substantial reduction in the number of process steps used to make the transistor. 
More specifically, by forming the non-self-aligned HBT of the present invention, 
formation of the complicated and time consuming emitter stack and extrinsic base 
structure conventionally used is avoided. Instead of five layers, the emitter stack of 
the invention now includes, in one embodiment, only oxide, nitride, and TEOS 
layers. This fewer number of layers reduces process time, cost, and complexity. 

Also, in-between LTE base and emitter formation, the conventional self- 
aligned process requires emitter pedestal formation, extrinsic base sidewall dep/etch, 
extrinsic base implant, high pressure oxidation, and emitter opening. In contrast, the 
present invention includes only an emitter stack formation and an emitter opening. 
This advantageously serves to produce a faster and more cost-efficient HBT device. 
Furthermore, the extrinsic base implant may now be shared with p-typc field effect 
transistor (PFET) source and drain implant, which fiirther simplifies the process. 

To form an even more efficient device, photo overlay and critical dimension 
tolerances used to form the emitter pedestal may be controlled to ensure that the T- 
shaped polysilicon layer in the pedestal has equal lengths on both of its sides. This 
translates into equal base resistances under the emitter, and by minimizing the width 
of the pedestal these resistances may commensurately be minimized. According to 
one aspect of the invention, the reach-through collector, emitter, and extrinsic base 
implant regions of the transistor can be contacted mid-end-of-line processes such as 
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planarization polishing and a contact etch opening process. Finally, the metallization 
can be formed on the contacts. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figures l(a)-(j) illustrate a conventional method for making an HBT device 
vAdch includes the following: 

Figure 1 (a) is a diagram showing the formation of n- region and STI 
regions on a layer containing a sub-collector region; 

Figxire 1 (b) is a diagram showing the formation of various oxide and 
semiconductor layers on the structure in Figure 1(a); 

• Figure 1 (c) is a diagram showing the formation of a pedestal capped 
with a resist layer on the upper-most oxide layer in Figure 1(b); 

Figure 1 (d) is diagram showing after the resist strip, the formation of 
sidewall spacers on the pedestal shown in Figure 1(c); 

• Figure 1(e) is a diagram showing the formation of extrinsic base 
regions which are self-aligned as a result of the nitride layer of the spacers of the 
pedestal; 

Figure 1(f) is a diagram showing the conversion of polysilicon into 

an oxide layer; 
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• Figure 1(g) is a diagram showing the formation of an opening prior 
to a collector implant step; 

• Figure 1(h) is a diagram showing the formation of the collector 
implant; 

Figure l(i) is a diagram showing the step of filling the opening with 
polysilicon which is subsequently doped with n-type dopant; and 

• Figure 1 Q) is a diagram showing the final HBT transistor after emitter 
and extrinsic base photomasking and etching. 

Figxire 2 illustrates steps included in a preferred embodiment of the method 
of the present invention, which includes the following: 

• Figure 2(a) is a diagram showing initial steps of a preferred 
embodiment of the present invention, including the formation of a sub-collector 
region in a silicon substrate followed by the deposition of a number of layers 
including a SiGe layer and a masking layer on a surface of the substrate; 

• Figure 2(b) is a diagram showing the formation of an opening in 
which an emitter of the transistor will be formed; 

Figure 2(c) is a diagram showing the formation of a collector pedestal 

implant; 

_j Figure 2(d) is a diagram showing the formation of doped polysilicon 
in the opening which forms the emitter, along with a nitride layer cap; 

• Figure 2(e) is a diagram showing an emitter polysilicon pedestal 
formed in accordance with the present invention; 
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Figure 2(f) is a diagram showing the deposition of a photoresist 
material used as a first step in forming extrinsic base regions of the transistor; 

Figure 2(g) is a diagram showing the implantation of the extrinsic 

base regions of the transistor using nitride-capped emitter silicon pedestal and 

photoresists as a mask; 

Figure 2(h) is a diagram showing base resistances of a transistor 

formed in accordance with the present invention; and 

Figure 2(i) is a diagram showing the formation of mis-alignment 
between the emitter polysilicon and the extrinsic base regions, which results in 
altering the base resistances. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Referring to Figure 2(a), a preferred embodiment of the method of the present 
invention includes as an initial step forming an n^ sub-collector region 5 1 in a silicon 
substrate 50. A layer 52 is then formed over the sub-collector. This layer includes an 
n- epitaxial layer 53, shallow trench isolation (STI) regions 54, and an n* reach 
throu^ region 55. Sub-collector layer 51 and reach through layer 55 may be formed 
using known techniques (e.g., n-type ion implantation), and the STI regions may be 
formed by a process which includes a trench etch, trench fill, and planarization 
polishing. 
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A number of layers are formed on layer 52, preferably over the n- epitaxial 
silicon layer 53. These layers include a SiGe layer 55 of p-type conductivity, a base 
oxide layer 56, a nitride layer 57, and a TEOS hard mask layer 58. Preferably, the 
SiGe layer is approximately 0.05-0.3 urn thick, the oxide layer is 0.01 - 0.015 um 
5 thick, the nitride layer is 0.04 to 0.07 um thick and is made using a rapid thermal 

chemical vapor deposition (RTCVD) or a plasma enhanced chemical vapor 
deposition (PECVD) process, and the TEOS layer is 0.05 to 0.08 um thick and is 
made by known processes such as low-pressure chemical vapor deposition (LPC VD) 
or plasma enhanced chemical vapor deposition (PECVD). The thicknesses given 

10 above are only preferred values. As those skilled in the art will appreciate, other 

thicknesses may be used if desired. 

In Figure 2(b), an anti-reflection coating (ARC) layer 59 and a resist layer 60 
are formed on the TEOS hard mask layer by a standard emitter opening mask. An 
emitter opening 61 is then formed at the location where the emitter of the transistor 

1 5 will be formed. This opening is formed, first, by etching through the ARC layer and 

then the TEOS layer to expose the imderlying nitride layer which serves as an etch 
stop. The resist and ARC layers are then stripped, and the TEOS layer serves as an 
etch mask for subsequent nitride etch. Preferably, the etch chemistry for the ARC 
opening is CF4 or N2/O2, and for the TEOS layer etch CjFg and N2 chemistry i^s used. 

2 0 CH3F/CO2 may be used for the nitirde etch. 

In Figure 2(c), the resist is stripped using a plasma etch process. The TEOS 
layer is then used as a hard mask to etch the nitride layer using a CH3F/CO2 etching 



FIS920000402US1 



-12- 




process. This process is preferably performed at a lower power to ensure no focus 
beam at the edge of emitter opening. The nitride-to-oxide etch selectivity in 
CH3F/CO2 is reasonably high. This timed nitride etch stops at the base oxide layer, 
A pedestal implant 62 is then formed in n-type region 52. The pedestal implant is 
5 preferably formed from n-type dopant and serves as the collector of the transistor. 

The implant is self-aligned in the sense that the remaining portion of opening 61 
controls the width of the implant region. 

In Figure 2(d), the TEOS layer is stripped along with the base oxide layer 
using a wet dilute HF process. A layer of polysilicon 63 is then formed over the 

1 0 surface of the entire structure, including in the opening 61 . This polysilicon layer 

may be an in-situ n-type doped polysilicon layer or may be implanted with an n-type 
dopant to form an n^ region that will serve as the emitter of the transistor of the 
present invention. The polysilicon layer may also be a furnace polysilicon layer or 
an RTCVD polysilicon layer. A thick nitride protect layer 64 is formed over the 

1 5 doped-polysilicon usmg, for example, a PECVD process. Preferably, the polysilicon 

layer is 0.1-0.2 um and the nitride layer is 0.15-0.3 um. 

In Figure 2(e), it is lithographically patterned and etched. The patterning is 
performed by applying a photoresist layer 65 over the nitride layer at a width which 
corresponds to a desired width of the emitter, which as shown includes portions of 

20 the imderlying nitride layer 57. Exposed portions of the nitride protect layer 64, 

polysilicon layer 63, nitride layer 57 are etched away usmg reactive ion etching. 
Finally, the base oxide layer 56 is etched away using, for example, a wet HF process. 
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This process is preferable because it will remove the oxide but leave the nitride, 
polysiHcon, and SiGe layer intact The etch stops at the SiGe layer, leaving an emitter 
pedestal 66. 

In Figure 2(f), extrinsic base regions of the transistor are formed in 
accordance with steps that include coating a photoresist material 67 so that the edges 

68 of the resist stop on the imderlying STI regions as shown. The exposed portions 
of the polysilicon SiGe layer 56 are then removed with an HBr/HeOj process, leaving 
only the portion of the SiGe layer protected by the photoresist material. 

In Figure 2(g), the photo resist material for the PFET source and drain 
implants are defined and once again the emitter stack is exposed. Then, resist layers 

69 are formed on either side of the emitter pedestal spaced a predetermined distance 
from the remaining SiGe layers. The photo resist material is defined by a standard 
litho developing process. In Fig. 2(g), layer 69 is implant blocking photoresist. The 
spacing between layers 69 and the SiGe layers should be large enough for the base 
contact to form, typically 1.1 - 1.5 um. 

Remaining portions of the SiGe layers and a portion of the xmderlying n-type 
region 52 are implanted with p-type dopant to form extrinsic p^ base implant regions 
70. These implant regions are advantageously aligned using the nitride-capped 
emitter stack as a mask. Preferably, PFET source/drain implants are used for the 
extrinsic base doping rather than a dedicated implant. Using PFET source/drain 
implants advantageously saves time and money because, with shared PFET 
source/drain implants in a BiCMOS process, there is no need for a separate extrinsic 
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base implant. Intrinsic base region 7 1 is disposed between the extrinsic base regions. 
(In the figure, the left source/drain (extrinsic base) implant is shown to be longer than 
the right soiirce/drain (extrinsic base) implant The widened area is provided as a 
contact region C, Those skilled in the art can appreciate that the contact region may 
be placed on the right source/drain (extrinsic base) implant, if desired, or both 
implants may be of the same length). 

In Figure 2(h), the photoresist layers 69 are removed using a plasma etching 
process. As shown, there is perfect alignment between the emitter polysilicon ^^P) 
to emitter opening (EN). Using nitride capped emitter polysilicon as a mask for 
extrinsic base implant will produce extrinsic base regions aligned to the emitter 
polysilicon, but not necessarily aligned to the emitter opening. The alignment 
between the emitter polysilicon and emitter opening is now dependent on lithography 
process tolerance and etch bias. This may be explained in greater detail as follows. 

The conventional self-a\igned transistor has the extriSsic^ase seFf-^igned to~ 
the emitter opening level becau^ the emitter pedestal sidewall provides a fixed 
symmetric spacing away fi-om the emitter region. In contrast, the present invention 
has an extrinsic base aligned directly to the emitter polysiclicon but not necessarily 
directly aligned to emitter opening because the lithographic overlay of the emitter 
polysilicon and emitter opening is never ideM due to wafer, lens, and tool distortions. 
Therefore, the present invention is a non-sell aligned transistor compared to the 
conyentionaLsdf::^ transistor. \ 



FIS920000402US1 



-15- 




In Fig. 2(h), the extrinsic base resistances under emitter polysilicon R5, and 
Rb2 can be made equal as long as there is a good alignment between emitter 
polysilicon and emitter opening. The total base resistance depends on value of R^j 
and R^,2 which can be adjusted by the NP emitter polysilicon size. By shrinking the 
emitter polysilicon (NP) size, the contribution from R^, and R^2 can be made small 
and the total base resistance can be reduced. 

Fig. 2(i) illustrates how the extrinsic base (PFET source/drain) implants of 
the present invention may be aligned to the emitter polysilicon but not aligned to the 
EN emitter opening. This mis-alignment, which also occurs between the emitter 
polysilicon and emitter opening, causes to be larger than R^,, . This is imdesirable 
becaxise it negatively impacts the performance of the transistor. The extrinsic base 
resistances under the emitter polysilicon Rbi and ^ controlled by tightening 

the photo tolerance between the emitter polysilicon and the emitter opening and can 
be reduced by shrinking the emitter polysilicon size. The extrinsic base resistance 
under the emitter polysilicon R^, and R^2 should be made as small as possible by 
shrinking the emitter polysilicon (NP) size. This will result in minimizing the mis- 
alignment and thus improving the performance of the transistor. (Both the emitter 
opening EN level and emitter polysilicon NP level are aligned to the previous 
shallow trench ST level. The mis-alignment between NP-EN is the total mis- 
alignement from EN-ST and NP-ST levels. To minimize the mis-alignment, the 
photo tolerance and develop bias has to be tightened in each leveil.) 
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To make transistor run faster, it is desirable to make the emitter, base, and 
collector narrower compared to the previous generation. Low-temperature epitaxy 
(LTE) and emitter polysilicon thickness may be scaled down from generation to 
generation. 

5 The preferred embodiment of the method of the present invention may be 

modified in a number of ways. For example, the 0.04 - 0.06 um RTCVD nitride layer 
may be replaced by a 0.05 - 0.07 um PECVD nitride layer to further reduce thermal 
cycle. This 0.05 0 - 0.07 um nitride will be reduced to 0.04 - 0.06 um after NP oxide 
p strip to maintain a desired level of parasitic capacitance. The lower the total thermal 

■Bl 0 cycle, the less the dopants outdiffuse. The base is narrower and thus the base-transit 

; time is reduced and the speed of the transistor is higher. 

m The method of the present invention, as described above, represents an 

O improvement over conventional methods in a nxmiber of respects. Specifically, the 

present method produces a heterojunction bipolar transistor which is non-self-aligned 
in its extrinsic base areas. As a result, no complicated emitter pedestal, spacer 
deposition and etch, and high-pressure oxidation steps are required as is the case with 
conventional methods. This further reduces overall thermal cycle and minimizes base 
and collector widths reqiiired for a high speed transistor. 

In the device formed by the method of the present invention, the extrinsic 
2 0 base is no longer self-aligned to the emitter opening as is the case in the conventional 

self-aligned transistor. The extrinsic base is directly aligned the emitter polysilicon 
vsiiich is not directly aligned to emitter opening level. 
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Other modifications and variations to the invention will be apparent to those 
skilled in the art fi-om the foregoing disclosure. Thus, vAnle only certain 
embodiments of the invention have been specifically described herein, it will be 
apparent that numerous modifications may be made thereto without departing fi'om 
5 the spirit and scope of the invention. 
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